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Description 

i 

Method for producing semiconductor chips 

The invention concerns a method for producing a plurality of semiconductor chips, particularly radiation- 
emitting semiconductor chips, each having at least one epitaxially produced functional semiconductor 
layer stack. 



The present patent application claims the priority of the German patent application bearing application 
number 103 28 543.1 (priority date: June 24, 2003), whose disclosure content is hereby incorporated in 
this application by reference. 

One of the chief prerequisites for increasing the'intemal efficiency of radiation-emitting semiconductor 
structures based on nitride nW compound semiconductor material, particularly based on GaN 
semiconductor material, is to reduce defect density in the nitride semiconductor material. The most 
promising method for this purpose is to prepare growth surfaces from the same material system as the 
particular radiation-emitting semiconductor structure that is to be grown epitaxially. Suitable substrates 
are difficult to obtain in many cases; by the same token, they can be produced only with high technical 
expenditure and are therefore much more expensive than the alternative substrates, such as for example 
SiC substrates and sapphire substrates, that are commonly used for GaN-based radiation-emitting 
semiconductor structures. 



In the present context, the group of radiation-emitting semiconductor structures based on nitride UUV 
compound semiconductor materials includes in particular any semiconductor structure, suitable for a 
radiation-emitting semiconductor component, that comprises a layer sequence composed of various 
individual layers and that contains at least one individual layer comprising a nitride IIIA^ compound 
semiconductor material, preferably from the nitride IIW compound semiconductor material system 
In^AlyGa,.x-yN, in which 0 <x <1, 0 <y <1 and x + y <1. This naturally does not rule out the possibility 
that the composition may include other elements besides In, Al and/or Ga and N. Such a semiconductor 
structure can for example comprise a conventional pn junction, a double heterostructure, a single quantum 
well structure (SQW structure) or a multiple quantum well structure (MQW structure). Such structures are 
known to those skilled in the art and thus will not be elaborated on herein. 
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The object of the present invention is to provide a method for producing semiconductor chips which, with 
the smallest possible substrate expenditure, allows the desired semiconductor layer sequence to be grown 
on a growth surface made of a material system that is the same as or similar to that from which the 
pertinent semiconductor layer sequence that is to be grown epitaxially is taken. 

This object is achieved by means of a method having the features of Claim 1. 

Advantageous configurations of the method are specified in Dependent Claims 2 to 16. 

In a method according to the invention, a growth substrate wafer is joined to an auxiliary carrier wafer. 
The growth substrate wafer is substantially comprised of semiconductor material from a semiconductor 
material system that is, particularly in terms of its lattice parameters, the same as or similar to that on 
which the semiconductor layer sequence for the functional semiconductor layer stack is based. The 
auxiliary carrier wafer is transparent to high-energy electromagnetic radiation, particularly laser radiation. 

Formed in the growth substrate wafer, parallel to the joint plane between the growth substrate wafer and 
the auxiliary carrier wafer, is a separation zone along which a portion of the growth substrate wafer is 
detached after being applied to the auxiliary carrier wafer, so that only a portion of the growth substrate 
wafer remains on the auxiliary carrier wafer. The detached portion of the growth substrate wafer can 
advantageously be used to produce fiirther auxiliary carrier wafer/growth substrate wafer composites. 

After the partial detachment of the growth substrate wafer, the parting plane of the portion of the growth 
substrate wafer remaining on the auxiliary carrier wafer is configured as a growth surface for the 
subsequent epitaxial growth of a semiconductor layer sequence of the semiconductor layer stack. 

The semiconductor layer sequence for the semiconductor layer stack is then in turn grown epitaxially on 
this growth surface. 

After these method steps, a chip substrate wafer is applied to the semiconductor layer sequence and the 
auxiliary carrier wafer is detached. 

The application of the chip substrate wafer to the semiconductor layer sequence, may, if provided for, be 
preceded by the application of a metallic contact layer and/or by the application of a reflective layer or 
layer sequence as required for the production of thin-layer light-emitting diode (LED) chips. 
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Finally, electrical contact layers, for example in the form of contact metallizations, can be applied to the 
side of the semiconductor layer sequence facing away from the chip substrate wafer, after which the 
composite composed of the semiconductor layer sequence and the chip substrate wafer is singulated into 
mutually separate semiconductor chips. 

In an advantageous embodiment, prior to the application of the chip substrate wafer the semiconductor 
layer sequence is structured into a plurality of epitaxial semiconductor layer stacks disposed side by side 
on the auxiHary carrier wafer. Thereafter, at least sidewalls of the epitaxial semiconductor layer stack can 
be provided at least partially with passivating material. In addition, the epitaxial semiconductor layer 
sequence can, if necessary, be provided with an electrical contact layer prior to the application of the chip 
substrate wafer. 

The separation zone is preferably produced by ion implantation, for example of hydrogen. 

The separation of the composite composed of the subsidiary carrier substrate and the growth substrate 
along the separation zone is preferably effected by thermal cleavage. A method of this kind is known for 
example from US 5,374,564 and US 6,103,597, whose disclosure content in this regard is hereby 
incorporated for reference. 

The appHcation of the semiconductor layer sequence, its finther processing, if any, and the application of 
the chip substrate wafer are followed by detachment of the auxiliary carrier wafer. This is preferably done 
by means of a laser liftoff process. The auxiliary carrier wafer is detached substantially completely from 
the semiconductor layer sequence or semiconductor layer stacks. 

"Substantially completely" is to be understood as meaning that the auxiliary carrier wafer is detached to 
such an extent that such residues of the auxiliary carrier wafer as remain on the semiconductor layer 
sequence or semiconductor layer stacks can have no or only a negligibly small adverse effect on the 
semiconductor layer sequence or semiconductor layer stacks. The auxiliary carrier wafer is preferably 
detached completely. 

The auxiliary carrier wafer is, for example, transparent to electromagnetic radiation with wavelengths 
below 360 nm. 

The auxiliary carrier wafer is preferably matched in terms of thermal expansion coefficient to the growth 
substrate wafer. 
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In a method according to the invention, the auxiliary carrier wafer advantageously must not be 
monocrystaUine and is preferably polycrystalline. 

The joint between the growth substrate wafer and the auxiliary carrier wafer can advantageously be 
produced by means of silicon oxide. 

In the case of a semiconductor layer sequence based on GaN, the material of the growth substrate wafer is 
preferably also based on GaN. In this case the auxiliary carrier wafer can preferably be made of sapphire 
and/or AIN. 

The growth surface for the semiconductor layer sequence is advantageously prepared for epitaxial growth 
by etching and/or grinding. 

A method according to the invention is particularly well suited for the production of defect-reducing 
semiconductor structures, particularly defect-reducing semiconductor structures based on nitride IIW 
compound semiconductor materials. 

In the present context, the group of radiation-emitting semiconductor structures based on nitride IIW 
compound semiconductor materials includes in particular any semiconductor structure, suitable for a 
radiation-emitting semiconductor component, that comprises a layer sequence composed of different 
individual layers and that contains at least one individual layer comprising a nitride IIW compound 
semiconductor material, preferably from the nitride IIW compound semiconductor material system 
InxAlyGaux-yN, in which 0 ^ ^1, 0 ^y <1 and x + y ^1. A GaN-based semiconductor structure 
comprises for example at least one semiconductor layer that contains hxAlyGaux-yN in which 0 <x :<1, 
0 ^y <landx + y ^1. 

This naturally does not rule out the possibility that the composition may include other elements besides 
In, Al and/or Ga and N. Such a semiconductor structure can for example comprise a conventional pn 
junction, a double heterostructure, a single quantum well structure (SQW structure) or a multiple quantum 
well structure (MQW structure). Such structures are known to those skilled in the art and thus will not be 
elaborated on herein. 

The portion of the growth substrate wafer that is detached during the method is preferably used to 
produce further semiconductor chips and is joined for this purpose to another auxiliary carrier wafer, from 
which a portion is again detached according to the procedure described above. This can advantageously 
be repeated multiple times until the growth substrate wafer is used up. 
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The semiconductor layer sequence can be produced for example by metalorganic vapor-phase epitaxy 
(MOVPE), molecular beam epitaxy (MBE) and/or liquid-phase epitaxy (LPE) or by any other 
conventional method. 

The above-described combination of the thermal detachment of portions of a growth substrate wafer, for 
example of GaN, by means of an implanted separation zone with the laser liftoff of an auxiliary carrier 
wafer for a portion of the growth substrate wafer remaining upon thermal detachment makes it possible in 
particular to produce high-power LEDs inexpensively on high-grade GaN quasi-substrates. In addition, 
the GaN-based thin-film technology used to manufacture LEDs can be optimized by the use of defect- 
reducing and lattice-matched GaN quasi-substrates. 

Further advantages, embodiments and improvements of the method will become apparent from the 
exemplary embodiments described hereinbelow in connection with Figs, la to 2h. Therein: 

i j Figs, la to li are a schematic representation of the method according to a first exemplary embodiment, 
and 

Figs. 2a to 2h are a schematic representation of the method according to a secondary embodiment. 

In the figures, like or like-acting elements are provided with the same respective reference numerals. The 
schematic representations are not to be considered true to scale. 

In the method according to the first exemplary embodiment, a plurality of LED chips based on nitride 
n W compound semiconductor material is produced. 

A growth substrate wafer 1 made of nitride-based material, for example GaN, is first prepared. In this 
growth substrate wafer 1 is formed a separation zone 4 disposed substantially parallel to a main face 100 
of the growth substrate wafer (see Fig. la). This is preferably done by ion implantation (for example of 
hydrogen) through the main face 100 of the growth substrate wafer 1 (indicated by the arrows 3). This 
separation zone 4 is located in the ion-implanted region of the growth substrate wafer 1. Such a method is 
known in principle for example from US 5,374,564 and US 6,103,597. 

The growth substrate wafer 1 is then joined to an auxiliary carrier wafer 2, specifically with main face 
100 preferably oriented toward auxiliary carrier wafer 2 (see Fig. lb). 
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Auxiliary carrier wafer 2 is transparent to high-energy electromagnetic radiation, particularly to laser 
radiation, which will be used for a subsequent laser liftoff process (as explained subsequently 
hereinbelow). Auxiliary carrier wafer 2 is transparent to a wavelength range below 360 nm. Auxiliary 
carrier wafer 2 is preferably matched in terms of thermal expansion coefficient to growth substrate wafer 
1. 

Auxiliary carrier wafer 2 is made for example substantially of sapphire and/or AIN. Auxiliary carrier 
wafer 2 can advantageously be polycrystalline. The joint between growth substrate wafer 1 and auxiliary 
carrier wafer 2 can be produced for example by means of silicon oxide. 

A portion 1 1 of growth substrate wafer 1 that faces away from auxiliary carrier wafer 2, as viewed from 
separation zone 4, is then detached, preferably thermally cleaved (see Fig. Ic), along separation zone 4. 
Once again, a process of this kind is known in principle for example from US 5,374,564 and US 
6,103,597. 

The parting plane formed by the portion 12 of growth substrate wafer 1 remaining on auxiliary carrier 
wafer 2 and exposed by the separation process described in the previous paragraph is then prepared, for 
example by etching and/or grinding, such that it is suitable for use as a growth surface 121 for the 
epitaxial growth of a semiconductor layer sequence 5 for the intended semiconductor structures. 

The semiconductor layer sequence 5 is then grown on the growth surface 121, for example by 
metalorganic vapor phase epitaxy (MOVPE) (see Fig. Id). 

A, for example, metallic electrical contact layer 6 is applied to the face of semiconductor layer sequence 5 
directed away from auxiliary carrier substrate 2. This contact layer 6 can be composed for example of a 
conventional contact layer material suitable for the semiconductor material system concerned. Such 
contact layer materials are known to the person skilled in the art and thus will not be elaborated on herein. 
In addition, a reflective layer (not shown) can be applied between semiconductor layer sequence 5 and 
contact layer 6 or to contact layer 6, as is necessary for example for the production of so-called thin-layer 
LED chips. 

After that the semiconductor layer sequence 5 is structured, for example by masking and etching, into a 
plurality of semiconductor layer stacks 51 (mesas) (see Fig. le). 
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A passivating layer 9 is then applied to the sidewalls of the semiconductor layer stacks 51. This, too, can 
be composed of a conventional passivating material suitable for the semiconductor material system 
concemed. Such passivating materials, again, are familiar to the person skilled in the art and thus will not 
be elaborated on herein. 

After these process steps, each semiconductor layer stack 51 is joined, for example by bonding, on its face 
directed away from auxiliary carrier substrate 2, to a chip substrate wafer 7 of comparable mechanical 
stability (Fig. If). This is made for example of Ge, but can also be composed of another suitable 
electrically conductive chip carrier material. One example of such a material is GaAs. Metals such as Mo 
or Au are also suitable in principle. 

This is followed by liftoff of the auxiliary carrier wafer 2 from the semiconductor layer stacks 51 through 
auxiliary carrier wafer 2 by means of laser radiation (indicated in Fig. Ig by the arrows 10). For this 
purpose, either the joint layer between the auxiliary carrier wafer and the remaining portion of the growth 
substrate wafer, for example a silicon oxide bonding layer, or a semiconductor layer located at the 
interface with or in the vicinity of the joint layer can be selectively thermally decomposed. Optionally, 
before auxiliary carrier wafer 2 is joined to growth substrate wafer 1, a sacrificial layer can be applied to 
auxiliary carrier wafer 2 and then decomposed using laser radiation during this liftoff step. 

In this process, thermal stresses in the structure during irradiation with laser radiation facilitate the spread 
of cracks in the bonding plane. 

Suitable laser liftoff methods are known for example from WO 98/14986, whose disclosure content to 
this extent is hereby incorporated by reference. 

After the liftoff of auxiliary carrier wafer 2, the exposed face of the semiconductor layer stack 5 1 is 
finish-processed. This can include for example the application of electrical contact structures 8, the 
production of surface roughening and/or the application of a passivating layer (see Fig. Ih). 

Finally, the composite composed of semiconductor layer stacks 5 1 and chip carrier wafer 7 is singulated 
into individual LED chips 20, for example by sawing and/or breaking the chip carrier substrate wafer 7 
between the semiconductor layer stacks 5 1 (see Fig. li). 

In the second exemplary embodiment, the method steps match the corresponding method steps of the first 
exemplary embodiment (see Figs, la to Id) through to the application of the epitaxial semiconductor layer 
sequence 5 (see Figs. 2a to 2d). 
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In contrast to the first exemplary embodiment, semiconductor layer sequence 5, optionally including 
contact layer 6 if necessary, and therein, is not structured into semiconductor layer stacks 51 prior to the 
application of chip carrier substrate wafer 7, but rather not until after chip carrier substrate wafer 7 has 
been applied (see Fig. 2e) and auxiliary carrier wafer 2 detached (see Fig. 2f). Contact layer 6 is indicated 
only in broken lines in Fig. 2d and has been omitted from Figs. 2e to 2h, since it is not needed in this 
specific example. 

The application of chip carrier substrate wafer 7 and the detachment of auxiliary carrier wafer 2 are 
effected analogously to the corresponding method steps of the first exemplary embodiment described 
above. 

After the detachment of auxiliary carrier substrate 2, the epitaxial semiconductor layer sequence 5 is 
structured into individual semiconductor layer stacks 51, and electrical contact layers 81, 82 are applied to 
the semiconductor layer stacks 5 1 (see Fig. 2g). This can be performed by a conventional masking and 
etching technique or a metallization technique. 

Finally, the composite composed of semiconductor layer stacks 51 and chip carrier wafer 7 is singulated 
into individual LED chips 20, for example by sawing and/or breaking the chip carrier substrate wafer 7 
between the semiconductor layer stacks 5 1 (see Fig. 2h). 

The invention naturally is not limited to the exemplary embodiments by the description of it with 
reference thereto. Rather, the invention encompasses any novel feature and any combination of features, 
including in particular any combination of individual features recited in the various claims or exemplary 
embodiments, even if that feature or combination itself is not explicitly mentioned in the claims or 
exemplary embodiments. 
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